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SENSORY AND PSYCHOLOGICAL CORRELATES OF POSTSURGICAL PAIN 
IN ADOLESCENTS WITH IDIOPATHIC SCOLIOSIS UNDERGOING SPINAL 
FUSION SURGERY: A PRELIMINARY ANALYSIS 
JESSICA R. LAPLANTE 
ABSTRACT 
Objective: Chronic pain, including persistent postsurgical pain, reduces patients’ quality 
of life, mood, and productivity. It presents a significant economic burden to society, 
yielding an estimated $600 billion annual cost due to health care and lost work 
productivity. Moderate to severe chronic pain affects 5% of children and adolescents. The 
current body of knowledge has demonstrated a consensus opinion that psychological 
factors and sensory factors are correlated with pain in the adult population. However, 
more research is necessary to determine what role depression and sensory function play 
in predicting severity of persistent postsurgical pain in children and adolescents.  Thus, 
the present study seeks to explore how, if at all, post-operative pain and functional 
disability at 1 month postsurgery is correlated with pre-operative depression and sensory 
profile.   
Methods:  Eligible candidates were Adolescent Idiopathic Scoliosis (AIS) patients aged 
10-17 who have been recommended to undergo spinal fusion surgery at Boston 
Children’s Hospital (BCH). Fifteen participants were included in this study. Prior to 
surgery, all participants completed the Children’s Depression Inventory: Short Form 
(CDI:S) via REDCap and underwent Quantitative Sensory Testing (QST) on their palmar 
thenar eminence (non-surgical site) and their lower back (surgical site). Participants’ light 
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touch detection thresholds and sharp prick pain threshold scores were determined using 
von Frey hairs. Participants’ pressure-pain sensation threshold scores were determined 
using a pressure algometer. Warm and cool detection thresholds and hot and cold pain 
thresholds were measured using a thermode strapped to the skin. At 1 month postsurgery, 
participants completed the Functional Disability Inventory (FDI) and reported their pain 
scores, including their current pain, average and worst pain in the last week, average and 
worst pain in the last month, and average and worst pain in the last six months. Each 
presurgical variable was compared with each postsurgical variable using Pearson 
correlations at a significance level of p < 0.05. Additionally, postsurgical FDI scores were 
compared with postsurgical pain scores using Pearson correlations. 
Results: Due to the small sample size (N = 15), the results should be considered 
preliminary. Preoperative CDI:S scores were not found to be correlated with 
postoperative pain and functional disability at 1 month postsurgery. Several preoperative 
QST variables were found to be correlated with postsurgical pain at 1 month. Namely, 
light touch detection threshold on the hand was negatively correlated with current pain (p 
< 0.05), average pain in the last week (p < 0.05), worst pain in the last week (p < 0.05), 
average pain in the last month (p < 0.05), and worst pain in the last month (p < 0.05). 
Warm detection threshold on the hand was negatively correlated with four different post-
operative pain measures taken at one month post-surgery: worst pain in the last week (p < 
0.05), worst pain in the last month (p < 0.05), average pain in the last six months (p < 
0.05), and worst pain in the last six months (p < 0.05). Finally, heat pain threshold on the 
hand was negatively correlated with worst pain in the last 6 months at 1 month 
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postsurgery (p < 0.05). Furthermore, postsurgical scores on the FDI were positively 
correlated with current pain at the 1-month post-surgical time point (p < 0.01), average 
pain in the last week at the 1-month post-surgical time point (p < 0.05), and worst pain in 
the last week at the 1-month post-surgical time point (p < 0.05). 
Conclusions:	  	  This study provides preliminary evidence of a correlation between heat 
sensitivity and poor postsurgical pain outcomes in the AIS population. Contrary to what 
was expected, hyposensitivity to light touch was correlated with worse pain outcomes. It 
is unclear why this is the case, and further research on the somatosensory profiles of pain 
patients is needed to examine this phenomenon. One of the most important findings in the 
present study is the correlation between post-operative pain and functional disability. The 
present study contributes to the small but growing body of knowledge surrounding the 
correlates of pediatric postsurgical pain. The use of QST provides an objective, 
quantifiable measure of patients’ somatosensory profile. Furthermore, the present study 
contributes to the expansive research base that has shown the detrimental effects of 
chronic pain, highlighting the correlation between pain and functional disability in the 
AIS population following spinal fusion surgery.  
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INTRODUCTION 
Persistent Postsurgical Pain 
 Persistent postsurgical pain (PPP) is defined as pain that lasts more than three to 
six months following a surgical procedure (Kehlet et al., 2006).  It may be caused by 
either prolonged inflammation or neuropathy.  Of the two causes, neuropathic pain is the 
most common type of PPP, and it is defined as pain that is caused by injury to nerves or 
to sensory pathways in the spinal cord and brain (Kehlet et al., 2006).  
 Clinically, pain presents as a psychological sensory experience, but it is caused by 
a number of biological processes.  There are three main manifestations of pain:  
nociceptive, inflammatory, and neuropathic pain (Kehlet et al., 2006). Nociceptive pain 
involves the activation of high threshold peripheral sensory neurons by mechanical, 
chemical, and/or thermal stimuli. Pain of a nociceptive origin fades once the stimulus is 
removed. Inflammatory pain is defined as increased sensitivity after tissue injury and 
release of inflammatory mediators such as prostanoids. Inflammatory pain can outlast the 
original injury by hours to days, and it is usually reversible. Acute postsurgical pain is 
usually inflammatory in origin, at least until the surgical wound heals and inflammation 
ceases. Finally, neuropathic pain is defined as pain caused by nerve injury which can 
manifest as a paradoxical combination of sensory loss and hypersensitivity (Kehlet et al., 
2006). Specifically, hypersensitivity may include allodynia, hyperalgesia, and 
hyperpathia. Allodynia is defined as pain induced by light touch or gentle pressure; 
hyperalgesia is an increased response to noxious stimuli; hyperpathia is an abnormal pain 
that outlasts its stimulus (Kehlet et al., 2006). 
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 During the immediate post-operative period, acute postsurgical pain is derived 
from a variety of causes:  there is a direct activation of nociceptors, increased 
inflammation, and sometimes nerve injury (Kehlet et al., 2006). Acute postsurgical pain 
is characterized by flares of pain prompted by movement, coughing, or breathing, as well 
as general hypersensitivity to noxious stimuli. In the acute phase, the pain typically 
responds well to opiates; acute neuropathic pain in particular responds well to COX-2 
inhibitors (Kehlet et al., 2006). 
 It is important to be able to distinguish between neuropathic versus non-
neuropathic pain, in order to properly prevent and treat the pain. Typically, postsurgical 
chronic pain most closely resembles neuropathic pain. The degree of nerve damage 
correlates with the intensity of the chronic pain (Kehlet et al., 2006). Surgically-induced 
neuropathic pain (SNPP) occurs in 10-50% of individuals following common surgeries 
(Borsook et al., 2013). SNPP is the only neuropathic pain syndrome that is fully under 
our control; that is, the surgical team and other healthcare personnel have the ability to 
prevent or minimize SNPP outcomes following surgery. The severity of SNPP varies 
from no or minimal pain to significant pain, which correlates to a score of 4 out of 10 on 
the Visual Analog Scale, shown in Figure 1 (Borsook et al., 2013). SNPP is considered 
severe in 2-10% of patients with the condition (Borsook et al., 2013). 
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Figure 1.  Visual Analog Scale (VAS). The VAS is an instrument used to measure 
subjective characteristics, including pain.  Figure taken from http://www.painedu.org/. 
 
 The surgical preparatory process presents several opportunities to plan ahead and 
assess the patient during the pre-surgical period in order to prevent SNPP. When a patient 
is scheduled for a surgery, he or she undergoes a pre-operative assessment and receives a 
complete anesthetic plan, including pain control (Borsook et al., 2013). This pre-
operative assessment serves as an opportunity to identify those patients who are at higher 
risk for developing SNPP. Unfortunately, though, the providers’ focus in the 
perioperative period usually rests on the surgery itself; thus, the long-term consequences 
of surgery often receive less attention and planning due to its delayed onset (Borsook et 
al., 2013).  
 Kehlet and colleagues emphasized that both acute and chronic pain are influenced 
by the patient’s individual genetic background, physical health, and psychosocial health. 
The interplay of these factors influence how biological, somatosensory pathways come to 
be experienced as pain. These factors also determine how the patient responds to his or 
her pain, and the degree to which the pain impacts daily life (Kehlet et al., 2006). Given 
these complex interactions, the phenomenon of pain is often studied within a 
biopsychosocial framework rather than a purely biomedical framework. The 
biopsychosocial framework takes into account a variety of factors which may contribute 
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to the development and persistence of pain. These factors are diagrammed in Figure 2 
below. 
 
Figure 2.  Biopsychosocial model of chronic pain. This model illustrates the complex 
interplay between disease, social factors, psychological factors, pain, and behavior. 
Figure taken from Vetter et al., 2013. 
 
 As suggested by the biopsychosocial model of pain, risk factors for SNPP 
encompass a wide range of variables including age, sex, genetics, presurgical pain, and 
behavior. Specifically, adults are at higher risk of developing SNPP, but surgery early in 
life can increase sensitivity to pain later in life (Borsook et al., 2013). Women experience 
more pain in general, but the relationship between sex and SNPP remains unclear. 
However, it has been shown that women’s quality of recovery from general anesthesia is 
poorer and pain scores remain higher in the postoperative period (Borsook et al., 2013). 
The presence of presurgical pain – whether or not the pain is related to a previous surgery 
– increases the risk of developing pain. Pain catastrophizing is also correlated with 
increased acute postoperative pain and chronic pain in the adult population (Borsook et 
al., 2013), as is depression (Edwards et al., 2009).  
	  5 
 It is possible that some patients have a genetic predisposition to pain as well. 
Sensitivity to physical nociceptive and clinical pain differs among individuals because of 
heritable susceptibility to pain and variable response to analgesics. For instance, 
functional genetic polymorphisms of catecholamine-O-methyltransferase (COMT) are 
associated with altered pain sensitivity. However, because of the deep complexity of 
neuropathic pain, it is challenging to pinpoint a single familial trait; many different genes 
probably contribute to an individual’s pain sensitivity (Kehlet et al., 2006). 
In order to decrease the risk of SNPP, it is important to assess these risk factors. If 
any are present in the patient pre-operatively, the surgical team may take extra care 
during the intraoperative period to avoid damage to large nerve bundles, limit 
inflammation through the use of corticosteroids, or inhibit nociceptive transmission using 
transcranial magnetic stimulation. Post-operatively, patient education is key and can help 
patients better manage their acute pain and reduce the likelihood of a transition to 
persistent postsurgical pain (Borsook et al., 2013).  
A review conducted by Celestin and colleagues found that presurgical 
psychosocial variables including depression and anxiety are associated with poor 
outcome (i.e. worse response to surgical treatment, including more pain and less 
treatment-related benefit) following lumbar surgery and spinal cord stimulation (Celestin 
et al., 2009). Thus, pre-operative psychological health can impact both post-surgical 
physical health outcomes and pain severity. This could be addressed through the use of 
psychological interventions to help reduce depressive symptoms, such as cognitive 
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behavioral therapy and biofeedback during the pre- and/or post-operative period 
(Edwards et al., 2009). 
Further study of the risk factors of persistent postsurgical pain is warranted. 
According to Kehlet et al., the model for studying risk factors for the development of PPP 
should include the following: 1) pre- and post-operative assessment of psychosocial and 
neurophysiological factors; 2) a detailed record of early and late post-operative pain data; 
and 3) the exclusion of other clinical causes of pain (Kehlet et al., 2006). 
  
Somatosensory Aspects of Chronic Pain 
The experience and self-reporting of pain is inherently subjective in nature, which 
presents a challenge when it comes to evaluating the severity of pain. Kehlet and 
Rathmell have noted the importance of conducting a more detailed pain assessment that 
incorporates the location of pain, quality of pain, and changes; avoiding the use of yes/no 
questions regarding the presence of pain is also vital for a successful clinical study 
(Kehlet & Rathmell, 2010). Quantitative sensory testing (QST), a standardized protocol 
for quantifying sensory function and pain perception, is a useful tool for comparing 
sensory factors in patients before and after surgery, and among different variable groups 
(poor vs. good mental health, for example) (Rolke et al., 2006). The goal of QST is to 
characterize and describe the somatosensory phenotype of patients experiencing 
neuropathic pain. The variety of clinical pain symptoms is reflective of the wide range of 
underlying biopsychosocial processes that affect the pain experience. Through the use of 
QST, clinicians and researchers are able to quantitatively characterize sensitivity to touch 
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from various stimuli (perception of temperature changes, pinprick and blunt pressure) as 
well as pain thresholds for each of these stimuli. Each parameter of the QST protocol 
serves to model a different aspect of the nociceptive system; for instance, C-fiber 
function is represented by the warm detection threshold and the heat pain threshold, and 
A-delta fiber function is represented by the cold detection threshold and the pinprick pain 
threshold (Rolke et al., 2006). QST provides the advantage of being a more objective 
measure of the sensory and pain experience, and is useful in the treatment of pain and the 
study of the mechanisms of neuropathic pain. 
 
Psychosocial Variables Affecting Persistent Postsurgical Pain 
 Surgical patients’ preoperative psychosocial health represents a key screening 
opportunity for high-risk patients. In the adult population, it has been shown that factors 
including expectation of pain, fear, memories, social environment, work, and level of 
physical activity all play a role in determining whether a patient is at risk for both acute 
and chronic pain (Kehlet et al., 2006). According to the World Health Organization, 
major depressive disorder is the leading cause of disability among Americans aged 15 to 
44 years (“NIMH · Depression in Children and Adolescents (Fact Sheet),” n.d.). In 
children and adolescents specifically, the National Comorbidity Survey – Adolescent 
Supplement found that about 11 percent of adolescents develop a depressive disorder by 
the age of 18 (“NIMH · Depression in Children and Adolescents (Fact Sheet),” n.d.). 
Given the prevalence of depression, the fact that adults with a history of depression are at 
higher risk for developing chronic pain, and the exacerbating effect that depression has 
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on already painful diseases (Berna et al., 2010), an understanding of the relationship 
between depression and pain is valuable and could lead to better clinical results for 
chronic pain patients. 
 Berna and colleagues conducted an experimental study on healthy volunteers to 
determine the interaction between induced depressed mood and pain level. The 
researchers compared pain ratings and pain processing following sad and neutral mood 
inductions. They used functional magnetic resonance imaging (fMRI) to examine the 
mechanism by which pain is processed in the brain during sad versus neutral moods 
(Berna et al., 2010). In patients with chronic pain, “symptoms of depression correlate 
with amygdalar and anterior insular activity during experimental pain,” indicating 
ineffective emotion regulation (Berna et al., 2010). Thus, the researchers hypothesized 
that depressed mood would be correlated with an increase in negative pain-related 
thoughts, an increase in the perceived unpleasantness of pain, and neural evidence of 
disruption of normal emotion regulation, as indicated by increased amygdala activation 
on the fMRI scan. Although the participants were healthy volunteers and did not exhibit 
any symptoms of clinical depression upon screening for inclusion in the study, the 
researchers induced a temporary depressed mood through the use of Velten-type sad 
statements (e.g. “I feel worthless”) while simultaneously listening to sad, slow classical 
music. All participants also underwent a control mood induction using a neutral Velten-
type statement (e.g. “Cherries are fruits”) while listening to neutral, moderate-tempo 
classical music. After each round of mood induction, the participants rated their current 
mood from 0 to 10 on a Visual Analog Scale. Functional MRI scans were then taken 
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during which the participants received a series of ten 21-second tonic heat stimuli on their 
forearm. Pain ratings and catastrophizing ratings were recorded after each stimulus. The 
researchers found that the painful stimuli were rated as significantly more unpleasant in 
the depressed than neutral mood condition. Furthermore, depressed mood increased the 
fMRI signal in nociceptive afferent areas in in cortico-subcortical structures of the brain 
involved in emotion regulation (Berna et al., 2010). A stepwise linear regression analysis 
demonstrated that depressed mood increases pain-related thoughts, thus increasing the 
unpleasantness of pain; this implies directionality – depressed mood leads to a more 
unpleasant pain experience, and not necessarily vice versa (Berna et al., 2010). This study 
provides helpful insight into the effect that a temporary induced depressed mood has on 
the pain experience in adults. However, because the participants were healthy volunteers, 
it is difficult to ascertain whether the same findings would apply to patients with clinical 
depression.  
 In the adult population, preoperative anxiety, fear of pain, and pain avoidance 
have all been found to correlate with postoperative pain (Kehlet et al., 2006). In a study 
of adult patients with a mean age of 71.7 years undergoing total knee replacement, 
depression was studied as a prospective predictor of postoperative pain over the course of 
one year. The study found that the severity of depressive symptoms at one time point 
predicted pain ratings at the next time point following surgery (Edwards et al., 2009).  
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Studying Pain in Children and Adolescents 
Until recently, research on persistent postsurgical pain has focused primarily on 
that experienced by adult patients, studying hernia repairs, mastectomy, thoracotomy, 
amputation, caesarean section, open cholecystectomy, and hip replacement. 
Unfortunately, the adult models do not necessary apply to pediatric pain since these types 
of surgeries are not typically performed in children. Recognizing the paucity of research 
in the field of pediatric PPP, Fortier and colleagues conducted a cross-sectional study on 
chronic postoperative pain in children and found that pediatric chronic pain encumbered 
many areas of the child’s life, from everyday activities like eating or bathing, to social 
interactions, to mental health, to success in academics and athletics (Fortier et al., 2011). 
These investigators found that severe acute postsurgical pain is a major risk factor for the 
development of PPP.  While this study was valuable in contributing to the early body of 
knowledge for pediatric PPP, the author emphasized the need for further prospective 
cohort studies to confirm the results. 
A 2013 prospective cohort study examined associations between pain and 
depression in a sample of adolescents aged 12-18 (Lewandowski Holley et al., 2013). The 
goal of the study was to determine whether changes in chronic pain level predicted 
changes in depression severity, and/or whether changes in depression severity predicted a 
change in pain. The study found that changes in pain were associated with subsequent 
depressive symptoms. Additionally, changes in depressive symptoms predicted 
subsequent pain, but the association was weaker than that of the reverse relationship. 
Furthermore, the predictive effect of depressive symptoms on chronic pain was weaker 
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than that found in the adult literature (Lewandowski Holley et al., 2013). These findings 
helped build the newly emerging field of research on psychological correlates of pediatric 
and adolescent chronic pain. 
 
Adolescent Idiopathic Scoliosis and Spinal Fusion Surgery 
Chronic pain studies that utilize data from different types of surgeries have 
significant limitations. Namely, different surgeries lead to varying types and severities of 
pain, making it challenging to account for confounding factors. In order to better analyze 
the variables involved in the development of chronic postsurgical pain, it is useful to limit 
a particular study to examining pain surrounding a single type of surgery. Spinal fusion 
surgery for adolescent idiopathic scoliosis (AIS) is a useful procedure to examine in 
pediatric chronic pain studies because in general, patients undergoing this surgery are 
typically healthy otherwise (Sieberg et al., 2013). Given the extremely invasive nature of 
the surgery, one study found that “fifty-two percent had ongoing pain upon hospital 
discharge” (Wong et al., 2007).  
Scoliosis is a lateral spinal curvature in the frontal plane. There may be one or 
more curves in the spine, and the degree of curvature is measured on a radiograph using 
the Cobb method, demonstrated below in Figure 3.  
	  12 
 
Figure 3. Cobb method of measurement. The Cobb method measures the angle 
between the far (top and bottom) endplates of the most inclined vertebrae. Figure taken 
from Skinner & McMahon, 2014. 
 
Idiopathic scoliosis, scoliosis of an unknown origin, can be classified into 
adolescent (>10 years), juvenile (3-10 years), and infantile (<3 years). Adolescent 
idiopathic scoliosis constitutes 80% of all idiopathic scoliosis; it is most predominant in 
early adolescent girls. Prior to skeletal maturity, idiopathic curvatures have the capacity 
to progress in magnitude as the patient grows taller. If upon observation of radiographs, 
the curvature is determined to be progressing and the ossification pattern of the iliac crest 
apophysis indicates the patient is not yet at skeletal maturity, the patient may be placed 
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into one of a variety of braces in order to treat the curve’s progression. Any curve of 
greater than 30 degrees, or a curve of greater than 20-25 degrees with more than 5 
degrees of documented progression should be treated with a brace (Skinner & McMahon, 
2014). 
In some cases, curvature progresses even after bracing treatment. When curves 
exceed 40-45 degrees, bracing is no longer effective and surgery is recommended. Spinal 
fusion surgery corrects the curve by using metal rods that can push or pull the curved 
portions of the spine in an effort to straighten it. The surgery consists of two stages:  
correction and stabilization. Using mechanical devices including rods with hooks, screws, 
or wires, correction is achieved, though it is usually incomplete due to safety 
considerations limiting the amount of force that may be applied. The stabilization stage of 
the surgery involves the removal of the cortex of the spine, followed by the application of 
a bone graft. Fusion occurs within six months (Skinner & McMahon, 2014). Figure 4 
shows pre- and post-spinal fusion radiographs of a scoliotic curve. 
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Figure 4. Treatment of a scoliotic curve. (A) Preoperative view of the spine. (B) View 
of the spine post instrumentation and fusion. Figure taken from Skinner & McMahon, 
2014. 
 
Studies on the subject of PPP following surgical treatment of AIS have identified 
a number of risk factors that contribute to the development of PPP in this population, 
namely the patients’ negative perceptions of their own appearance, greater desire to 
change their appearance, older age, and greater BMI (Landman et al., 2011).  
Interestingly, some of the variables that were found to have no significant correlation 
with PPP included biological and pathological factors such as sex, magnitude of spinal 
curve, and shoulder height difference; but rather the most influential factors in 
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determining pain in scoliosis patients both before and after surgery were identified as 1) a 
high perception of one’s own deformity and 2) a stronger desire to change the deformity 
(Landman et al., 2011). 
A more recent study conducted on PPP in scoliosis patients undergoing spinal 
fusion surgery focused on factors including self-image and mental health functioning 
(Sieberg et al., 2013).  In this study, the subjects were divided among five different pain 
trajectories that classified patients according to their pain both before and after surgery, 
so as to compare the prevalence and extent of proposed risk factors among the different 
groups.  The groups were as follows:  1) no-pain, 2) pain improvement, 3) short-term 
pain, 4) delayed-pain, and 5) high-pain.  The pain trajectories are illustrated in Figure 5 
below for clarity.  One of the most notable results of the study supported previous 
research in finding that the more positive a patient’s self image after surgery, the less 
severe his/her pain response is likely to be (Sieberg et al., 2013). However, poor mental 
health functioning in patients experiencing severe pain was not found due to the small 
sample size in that particular pain category. 
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Figure 5.  Pain trajectories in AIS patients from presurgery to 5 years post surgery.  
The significant variation in pain trajectories for these subjects highlights the idea that 
development and progression of postsurgical pain is a dynamic process and a unique 
experience for each patient. Figure taken from Sieberg et al., 2013. 
 
Specific Aims 
 
Moderate to severe chronic pain affects 5% of children and adolescents 
(Groenewald et al., 2014). Chronic pain, including persistent postsurgical pain, reduces 
patients’ quality of life, mood, and productivity. It presents a significant economic burden 
to society, yielding an estimated $600 billion annual cost due to health care and lost work 
productivity (Groenewald et al., 2014). The current body of knowledge has demonstrated 
a consensus opinion that psychological factors are correlated with pain in the adult 
population. However, more research is necessary to determine what role depression and 
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sensory function play in predicting severity of persistent postsurgical pain in children and 
adolescents.   
Being able to identify the presence of a particular risk factor(s) in a patient 
preparing to undergo a significant surgery such as spinal fusion surgery for AIS may help 
improve the trajectory of his/her pain following surgery, since acute postoperative pain is 
often correlated with chronic postoperative pain (Fortier et al., 2011). Thus, the present 
study seeks to explore how, if at all, post-operative pain and functional disability is 
correlated with pre-operative depression. Additionally, sensory function and pain 
perception in patients before undergoing spinal fusion surgery will be better characterized 
and quantified using Quantitative Sensory Testing in order to determine whether sensory 
and pain thresholds are correlated with pain outcomes at 1 month post-surgery.
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METHODS 
 
Study Design 
 This study was completed as part of a prospective cohort study conducted through 
the Department of Anesthesia at Boston Children’s Hospital. Data were examined cross-
sectionally at each time point and across time points. Human Subjects approval was 
granted by the Institutional Review Board prior to recruitment, under Protocol ID IRB-
P00000428, “Biopsychosocial predictors of the development of persistent postsurgical 
pain in youth and young adults undergoing major orthopedic surgery.” Parts of the 
following section have been adapted from the text of the protocol. 
 
Inclusion and Exclusion Criteria 
 Eligible participants were patients and their parents who presented to the Spinal 
Program of the Department of Orthopedics at Boston Children’s Hospital (BCH) for 
treatment of AIS and who were scheduled to undergo a spinal fusion surgery. Every 
effort was made to ensure that the population of subjects is as diverse as possible. 
However, because AIS predominately affects Caucasian females, the majority of 
participants reflect this demographic. 
 In order to be eligible, participants needed to speak sufficient English to complete 
questionnaires, given their lack of demonstrated validity in other languages. Patients must 
be age 10 or older, given that the surgery typically occurs after age 10.  
 Patients with severe cognitive impairment by history (i.e. mental retardation, 
severe head injury) were ineligible for the study, as were patients with co-morbid medical 
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and/or pain conditions which could potentially confound the data (i.e. cancer, sickle cell 
disease, juvenile idiopathic arthritis). 
 
Recruitment 
 Eligible participants who met the above criteria were identified through weekly 
chart reviews on Power Chart of orthopedic surgeons of the Spinal Program. If, in the 
surgeon’s schedule, a patient was identified as having a chief complaint of scoliosis for 
their appointment, then the patient’s most recent Orthopedic note within Power Chart was 
read. If, in the note, the physician recommended a spinal fusion surgery for the patient, 
then this patient would be recruited for the study. 
A recruitment flyer briefly introducing the study was mailed to the parent or 
guardian of each eligible participant. The flyer included an opt-out card for the parent to 
return to BCH in the event they were not interested in participating. Seven to ten days 
after mailing the flyer, the parent or guardian of each recruit was then contacted via 
telephone by a research assistant. During this phone call, the research assistant explained 
the study to the parent and answered any questions. If the family decided they were 
interested in participating, they gave verbal consent, and consent and assent forms were 
emailed to them. 
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REDCap 
 After obtaining verbal consent from the family of a participant, the research 
assistant administered online questionnaires using research electronic data capture tools 
(REDCap) hosted at BCH. Participants also had the option to complete the measures on 
paper. 
 REDCap is a secure, web-based application designed to support data capture for 
research studies, providing: 1) an intuitive interface for validated data entry; 2) audit 
trails for tracking data manipulation and export procedures; 3) automated export 
procedures for seamless data downloads to common statistical packages; and 4) 
procedures for importing data from external sources (Harris et al., 2009). 
Email was not used to collect data; instead, the study team, after verifying the 
authenticity of the subject and their email address, sent an email including a link to the 
secure site where data can be collected. No sensitive information, including the title of 
the study, was included in email notifications to study participants. All email 
correspondence was conducted via parent participants. Each set of measures took about 
20 minutes to complete.  	   One month following the participant’s spinal fusion surgery, a follow-up 
questionnaire was administered to the patient in the same manner as the pre-operative 
questionnaire. 	  
Preoperative Measures 
 Prior to each participant’s spinal fusion surgery, each participant’s medical record 
was reviewed, and the participant completed the Children’s Depression Inventory: Short 
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Form (CDI:S) via REDCap as well as completed QST. The participants’ medical records 
were reviewed to obtain contact information in order to recruit potential participants, and 
to ensure the eligibility of participants by ruling out the presence of other significant co-
morbid or pain conditions. The participants’ demographic data, including date of birth, 
gender, and race was collected from their medical records. 
The Children’s Depression Inventory Short Form (CDI:S) is a 10-item self-report 
inventory that assesses symptoms and severity of depression in children and adolescents 
(Allgaier et al., 2012). Sample items include “I do most things O.K./I do many things 
wrong./I do everything wrong” and “I feel like crying everyday./I feel like crying many 
days./I feel like crying once in a while.” The scoring is based on symptoms occurring in 
the prior two weeks. For each item, scoring is as follows:  symptoms absent:  0 points; 
symptoms mild:  1 point; symptoms definite:  2 points. Items are summed and higher 
scores represent higher demonstration of depressive symptoms. 
 
Quantitative Sensory Testing 
Quantitative Sensory Testing was performed prior to surgery for each participant, 
either on their pre-operative appointment day or on another mutually convenient day. At 
this time, participants were given paper copies of the consent and assent forms to sign. 
The location of the sensory tests are at the center of the proposed surgical incision site (3 
cm to either left or right side of the midline as identified by spinous processes) on the 
thoraco-lumbar spine and on a control site of either left or right thenar eminence for 
thermal sensory testing and the dorsum of the hand for mechanical sensory testing. All 
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algometric tests were conducted by the same examiner, to minimize observer bias. The 
subjects were seated in a comfortable chair. To familiarize the patient with the test before 
evaluating the symptomatic sites, a standardized set of instructions was read and a 
practice trial was demonstrated on the non-painful/non-surgical site of the patient’s body 
(i.e., hands). 
 
Light Touch Detection and Pain Thresholds 
 The touch test is a simple and practical screening test for diagnosing sensation 
abnormalities. The sensation of touch and clinical symptom of allodynia can be 
quantified in a simple and practical fashion in almost all patients. A kit consisting of 20 
nylon von Frey monofilaments (Semmes-Weinstein monofilaments, Stoelting, IL) with 
increasing diameter of the firm filaments was used for the testing. When applied on the 
skin, monofilaments exert a constant force, as the monofilament bends. The 
monofilaments are calibrated in a logarithmic scale from 0.008 to 300 g (0.08-2943 mN), 
within a 5% standard deviation. The monofilaments were applied in increasing thickness 
on the affected surgical site and non-affected site (the hand) successively until a pain 
threshold was detected. The patient was also asked to give a clear verbal signal when the 
stimulus was perceived to be painful. Each monofilament was applied three times, with 
approximately ten seconds between two successive stimuli, to avoid temporal summation. 
The monofilament is applied perpendicularly to the skin surface for approximately two 
seconds, until a bending of 3-5 mm of the monofilament is produced. Patients were asked 
to keep eyes closed during the testing to avoid visual feedback concerning the stimuli. 
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The sensation threshold is defined as the number on the monofilament in which at least 
two out of three applications on the surgical site resulted in the perception of touch. The 
subsequent reporting of pain on two out of three applications is defined as the pain 
threshold. Once a pain threshold was reached, the test was terminated. The duration of 
the procedure was 10-15 minutes (Keizer et al., 2007). 
 
Sensation of Pressure and Pressure-Pain Sensation 
 The sensation of pressure is transduced primarily by slowly adapting 
mechanoreceptors in the skin and muscles. Pressure algometry is the most commonly 
used test for static mechanical pressure sensation in the skin and in deep tissues. Pressure 
algometers deliver a firm and quantifiable pressure through a flat base applied to the skin. 
The electronic pressure algometer that we used (Somedic, Sweden) is a hand-held, gun-
shaped instrument with a stimulation tip localized at the end of the barrel. This tip is a 
pressure-sensitive strain gauge, covered by a 0.5 cm2 circular probe and connected to 
pressure transducer built into the instrument’s handle. The probe is covered with a soft 
disk, to avoid injury to the skin. The pressure applied through the probe is transduced, 
amplified, and converted to electrical reading on a digital display. Pressure was applied 
perpendicularly to the examined point, with increments of approximately 1 N/sec; this 
rate avoided prolonged pressure application and trauma to the underlying tissues. As soon 
as the subject felt discomfort/pain, he/she told the experimenter who then ceased 
applying the pressure. The digital display showed the force (in Newtons) exerted at the 
end of the procedure (Brennum et al., 1989). This process was repeated a total of three 
	  24 
times, with 20 seconds between measurements. The mean of these three measurements 
was taken as the participant’s pressure pain threshold (PPT). The duration of each PPT 
measurement was 2 minutes per site. 
 
Thermal Quantitative Sensory Testing 
 Quantitative thermal detection thresholds were determined using the Medoc TSA-
2001 device (Medoc Ltd. Advanced Medical Systems, Ramat Yishai, Israel). The thermal 
sensory analyzer operates by a microcomputer-driven 3.0 cm x 3.0 cm Peltier thermode. 
The entire thermode-stimulating surface was placed in contact with the skin testing site 
and secured by a Velcro band without stretch. The thermode baseline temperature was 
kept at 32 °C and the stimulation temperature has a potential range of 0-50 °C so as to 
avoid potential tissue injury at excessively low or high temperatures. The rate of 
temperature change was kept constant at 1 °C/s for assessment of thermal sensations and 
at 1.5 °C for assessment of thermal pain. The thermal stimulus intensity was 
increased/decreased linearly from the baseline thermode temperature of 32 °C and 
participants were asked to press a button when a specified temperature change sensation 
was first perceived (detection threshold). Halting the stimulus reset the thermode 
temperature to baseline. The return rate of the stimulus is 1 °C/s for thermal sensation 
and 10 °C/s for thermal pain. Stimuli were presented as a train of four with an inter-
stimulus interval of six seconds for measurement of cold and warm detection thresholds, 
and as a train of three stimuli at 10-second intervals for cold and heat pain detection 
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thresholds. Mean values of a set of responses to a train of stimuli were calculated as the 
detection threshold (Meier et al., 2001).  
 
Postoperative Measures 
 At the 1-month postoperative assessment, all participants provided pain ratings on 
a standard 11-point numeric rating scale from 0 (no pain) to 10 (most pain possible). 
Participants were asked to identify their current pain, average and worst pain in the last 
week, and average and worst pain in the last month.  
Participants were also administered the Functional Disability Inventory (FDI) via 
REDCap. The FDI assesses children’s perceived difficulty in physical and psychosocial 
functioning that is due to physical health. Children rate the degree to which they had any 
trouble completing activities in the past two weeks on a five-point scale ranging from 
“No Trouble” to “Impossible.” Items are summed for a total score and higher scores 
represent higher levels of children’s perceived functional disability (Walker & Greene, 
1991). The questionnaire’s introduction states “When people are sick or not feeling well 
it is sometimes difficult for them to do their regular activities. In the last few days, have 
you had any physical trouble or difficulty doing these activities?” Sample items on the 
FDI include “Being at school all day” and “Walking the length of a football field.” 
 
Compensation 
Participants received a $10 American Express gift card at each time point that 
they completed their psychosocial questionnaires. Additionally, participants received a 
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$25 American Express gift card upon completing their QST as a token of appreciation for 
their time. 
 
Statistical Analysis 
 Data were analyzed using Statistical Package for the Social Sciences (SPSS). Pre-
operative variables were compared with post-operative variables; Pearson correlations 
were calculated at a significance level of p < 0.05. Post-operative pain ratings were also 
compared with post-operative FDI scores using Pearson correlations.   
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RESULTS 
Fifteen participants’ data were analyzed in this study. Demographic data 
including age at the time of surgery, sex, and race were collected. The study sample was 
predominately white and female with a median age at surgery of 14 years. All fifteen 
participants had completed pre-operative measures including the CDI:S and QST (one 
participant did not complete the thermal portion of QST), and all fifteen had provided 
post-operative measures at one month after surgery including pain ratings and FDI. 
Demographic data is summarized below in Table 1. 
Table 1. Study sample demographics. 
Demographic Details 
Age at time of 
surgery 
Mean: 14.3 years ± 1.7 
Median: 14 years 
Range: 11 – 17 years 
Sex Female: 10 participants (67%) 
Male: 5 participants (33%) 
Race White: 14 participants (93%) 
Asian: 1 participant (7%) 
 
 Prior to undergoing surgery, the participants’ mean score on the CDI:S was 2.2 ± 
3.2. Scores ranged from 0 to 8. The maximum possible score on the CDI:S is 20. Eight 
out of fifteen participants (53%) were absent of any depressive symptoms and had a score 
of 0 on the CDI:S. Given that a score of 3 or higher on the CDI:S is considered clinically 
significant (Allgaier et al., 2012), four out of fifteen participants (27%) had clinically 
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significant scores of 6, 7, 8, and 8. Figure 6 displays the frequency distribution of CDI:S 
scores. 
 
Figure 6. Frequency distribution of pre-operative CDI:S scores. More than half the 
participants were absent of any depressive symptoms and had a score of 0. Possible 
scores on the CDI range from 0 to 20. 
 
 Table 2 displays the mean sensory data for the participants pre-operative QST. 
Each parameter was measured on each patient’s hand and back. 
Table 2. Mean pre-operative values of seven sensory parameters found using QST. 
When measuring thermal parameters, the baseline temperature was 32 °C. Lower 
temperatures on the cool detection and cold pain measures indicate lower sensitivity to 
cool temperature changes and cold pain, while lower temperatures on the warm detection 
and heat pain measures represent higher sensitivity to warm temperature changes and 
heat pain. Values are displayed as Mean ± SD. 
 
Sensory Parameter Mean Value on Hand Mean Value on Back 
Light Touch Detection 0.044 ± 0.038 g 0.189 ± 0.311 g 
Sharp Prick Pain Threshold 5.36 ± 5.94 g 3.0 ± 2.7 g 
	  29 
Sensory Parameter Mean Value on Hand Mean Value on Back 
Pressure Pain Threshold 20.58 ± 12.81 N 15.11 ± 9.34 N 
Cool Temperature Detection 29.92 ± 1.40 °C 29.87 ± 1.44 °C 
Warm Temperature Detection 34.25 ± 1.12 °C 34.94 ± 1.38 °C 
Cold Pain Threshold 15.26 ± 10.95 °C 18.75 ± 11.89 °C 
Heat Pain Threshold 41.82 ± 3.78 °C 40.84 ± 3.79 °C 
 
 At one month following spinal fusion surgery, participants reported their current 
pain on a scale of 0 to 10, as well as their average and worst pain in the last week, 
average and worst pain in the last month, and average and worst pain in the last six 
months. Pain data was collected from 14 out of the 15 participants. Figure 7 below 
summarizes the mean pain ratings as reported by the participants. 
 
 
Figure 7. Mean pain scores at 1 month post surgery. These pain ratings were taken on 
a scale of 0 to 10. 
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 Finally, participants completed the Functional Disability Inventory at 1 month 
post-surgery. The participants’ mean score was 11.3; the median was 8 and the range was 
0 to 29. FDI scores are clinically categorized as follows: scores of 0-12 indicate no/mild 
disability, 13-29 indicates moderate disability, and scores greater than or equal to 30 
suggest severe disability (Vetter et al., 2013). Nine out of the fifteen participants (60%) 
fell into the no/mild disability category, and the remaining six participants (40%) 
reported moderate disability. None of the study participants had FDI scores that exhibited 
severe disability. 
 Each pre-operative variable, including total score on the CDI:S, as well as the 
seven QST measures on both back and hand (listed in Table 2) was compared to each 
post-operative variable, including each post-operative pain rating found in Figure 7 as 
well as total post-operative FDI score; the goal was to quantify the association between 
pre- and post-operative variables. Table 3 below summarizes the Pearson correlation 
coefficients of each of these relationships along with their respective levels of 
significance. 
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Table 3. Pearson correlations between pre- and post-operative variables. Items in the leftmost column are pre-operative 
independent variables. Items in the top row are post-operative pain and functional disability measures taken at 1 month post-
surgery. Bold, italicized values represent a significance level of p < 0.05. 
 
 
 
 
 
Current 
pain 
Average 
pain in 
the last 
week 
Worst 
pain in 
the last 
week 
Average 
pain in 
the last 
month 
Worst 
pain in 
the last 
month 
Average 
pain in 
the last 6 
months 
Worst 
pain in 
the last 6 
months 
FDI 
CDI 
r = .065 
p = .827 
r = .051 
p = .864 
r = .191 
p = .514 
r = .037 
p = .901 
r = .074 
p = .801 
r = -.220 
p = .450 
r = -.143 
p = .625 
r = .343 
p = .211 
Light touch 
detection – 
Hand 
r = .560 
p = .037 
r = .582 
p = .029 
r = .600 
p = .023 
r = .533 
p = .050 
r = .565 
p = .035 
r = .137 
p = .642 
r = .075 
p = .799 
r = .328 
p = .233 
Light touch 
detection - 
Back 
r = -.042 
p = .887 
r = -.015 
p = .960 
r = -.081 
p = .784 
r = .083 
p = .778 
r = .013 
p = .966 
r = -.068 
p = .818 
r = -.216 
p = .459 
r = .145 
p = .606 
Sharp prick 
threshold - 
Hand 
r = .236 
p = .417 
r = .036 
p = .903 
r = .013 
p = .964 
r = .106 
p = .719 
r = -.075 
p = .799 
r = .116 
p = .694 
r = -.088 
p = .764 
r = -.016 
p = .954 
Sharp prick 
threshold - 
Back 
r = .070 
p = .811 
r = -.046 
p = .876 
r = -.237 
p = .414 
r = .007 
p = .981 
r = -.182 
p = .534 
r = -.125 
p = .670 
r = -.440 
p = .115 
r = .081 
p = .775 
Pressure 
Threshold – 
Hand 
r = .194 
p = .506 
r = -.103 
p = .726 
r = -.130 
p = .658 
r = -.079 
p = .789 
r = -.195 
p = .504 
r = .105 
p = .720 
r = -.196 
p = .502 
r = .151 
p = .591 
Pressure 
Threshold – 
Back 
r = .097 
p = .742 
r = -.165 
p = .574 
r = .213 
p = .464 
r = -.195 
p = .503 
r = -.298 
p = .301 
r = -.108 
p = .714 
r = -.379 
p = .181 
r = .279 
p = .334 	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Current 
pain 
Average 
pain in 
the last 
week 
Worst 
pain in 
the last 
week 
Average 
pain in 
the last 
month 
Worst 
pain in 
the last 
month 
Average 
pain in 
the last 6 
months 
Worst 
pain in 
the last 6 
months 
FDI 
Cool 
Detection - 
Hand 
r = -.429 
p = .144 
r = -.449 
p = .124 
r = -.433 
p = .139 
r = -.458 
p = .115 
r = -.412 
p = .161 
r = .162 
p = .597 
r = .152 
p = .619 
r = -.312 
p = .278 
Warm 
Detection – 
Hand 
r = -.399 
p = .176 
r = -.481 
p = .096 
r = -.590 
p = .034 
r = -.510 
p = .075 
r = -.637 
p = .019 
r = -.591 
p = .033 
r = -.671 
p = .012 
r = -.082 
p = .781 
Cold Pain 
Threshold – 
Hand 
r = -.158 
p = .606 
r = .087 
p = .778 
r = .182 
p = .551 
r = .146 
p = .634 
r = .327 
p = .275 
r = .235 
p = .440 
r = .496 
p = .085 
r = -.283 
p = .327 
Heat Pain 
Threshold – 
Hand 
r = .178 
p = .560 
r = .008 
p = .978 
r = -.181 
p = .553 
r = -.085 
p = .781 
r = -.286 
p = .343 
r = -.247 
p = .416 
r = -.572 
p = .041 
r = .457 
p = .100 
Cool 
Detection – 
Back 
r = .125 
p = .685 
r = .046 
p = .881 
r = .158 
p = .606 
r = .007 
p = .983 
r = .080 
p = .796 
r = .046 
p = .882 
r = .043 
p = .890 
r = -.057 
p = .846 
Warm 
Detection - 
Back 
r = -.304 
p = .313 
r = -.175 
p = .568 
r = -.130 
p = .671 
r = -.133 
p = .665 
r = -.039 
p = .900 
r = .077 
p = .802 
r = .263 
p = .385 
r = -.104 
p = .723 
Cold Pain 
Threshold – 
Back 
r = -.202 
p = .509 
r = .018 
p = .953 
r = .051 
p = .868 
r = .037 
p = .905 
r = .118 
p = .702 
r = -.034 
p = .913 
r = .145 
p = .637 
r = -.383 
p = .176 
Heat Pain 
Threshold – 
Back  
r = .341 
p = .254 
r = .259 
p = .392 
r = .219 
p =  .471 
r = .226 
p = .457 
r = .169 
p = .582 
r = .531 
p = .062 
r = .392 
p = .185 
r = .158 
p = .591 
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 In summary, the pre-operative sensory variables that demonstrated significant 
correlations with post-operative pain at the p < 0.05 level included light touch detection 
on the hand, detection of warmth on the hand, and heat pain threshold on the hand. Pre-
operative CDI:S scores were not significantly correlated with post-operative pain or 
functional disability. None of the sensory variables measured on the back were 
significantly correlated with post-operative pain or functional disability. Sharp prick pain 
thresholds, pressure pain thresholds, detection of cool temperatures, and cold pain 
thresholds were not significantly correlated with post-operative pain or functional 
disability. 
 In addition to examining the correlation between pre-operative variables and post-
operative outcomes, pain ratings were also compared to FDI to determine whether a high 
level of pain was correlated with a high level of functional disability. FDI score was 
significantly correlated with current pain at the 1-month post-surgical time point (r = 
0.783, p = 0.001), average pain in the last week at the 1-month post-surgical time point (r 
= 0.642, p = 0.013), and worst pain in the last week at the 1-month post-surgical time 
point (r = 0.570, p = 0.033). FDI score was not significantly associated with the following 
pain ratings: average pain in the last month at 1-month post surgery, worst pain in the last 
month at 1-month post surgery, average pain in the last 6 months at 1-month post 
surgery, and worst pain in the last 6 months at 1-month post surgery. 
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DISCUSSION 
  The present study examined the relationship between pre-operative depressive 
symptoms and sensory phenotype, and post-operative self-reported pain and functional 
disability in a pediatric population undergoing spinal fusion surgery for AIS. Adolescents 
undergoing spinal fusion surgery for AIS were an ideal population in which to study the 
relationship between pre-surgical variables and postsurgical pain; given that AIS patients 
typically have low preoperative pain and few comorbid diagnoses, confounders were kept 
to a minimum and the relationship between pre- and postsurgical variables could be more 
clearly examined.  
In this small sample of fifteen study participants, no significant correlation was 
found between pre-operative CDI:S scores and post-operative pain and functional 
disability at the 1-month time point. It is known that in the adult population, depression is 
often correlated with chronic pain, but further research on the relationship between pre-
operative depression and post-operative pain in the pediatric population is necessary. 
Given the small sample size in the present study and the fact that more than half the 
participants (8 out of 15) exhibited no depressive symptoms according to their CDI:S 
score, it is likely that a more robust sample size would be more informative with regards 
to the relationship between depression and pain. 
Despite the small sample size, several statistically significant correlations were 
found to exist between certain pre-operative sensory parameters and post-operative pain 
outcomes. Namely, the warmth detection threshold measured on the thenar eminence of 
the hand was negatively correlated with four different post-operative pain measures taken 
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at one month post-surgery: worst pain in the last week (p < 0.05), worst pain in the last 
month (p < 0.05), average pain in the last six months (p < 0.05), and worst pain in the last 
six months (p < 0.05). The negative correlation between these two variables indicates that 
individuals who were able to detect an increase from room temperature more quickly (i.e. 
those who were more sensitive to detecting warmth) experienced greater pain following 
their surgery. The warmth detection threshold was also negatively correlated, though not 
significantly, with the other pain measures taken at one month after surgery, including 
current pain, average pain in the last week, and average pain in the last month.  
An additional thermal parameter that demonstrated a statistically significant 
correlation with increased pain following surgery was the heat pain threshold on the 
hand, which was negatively correlated with patients’ worst pain the last 6 months (p < 
0.05). Again, this negative correlation represents a possible relationship between higher 
sensitivity to warmth and heat pain and worse pain outcomes following surgery. This 
higher sensitivity to heat in patients experiencing more pain coincides with what was 
found in a 2014 study conducted on chronic pain patients. Using QST, the research group 
found that sensitivity to heat was increased, and heat pain threshold was decreased 
(Zhang et al., 2014). Furthermore, it is known that Group C nerve fiber function is 
represented by the warm detection threshold and heat pain threshold of QST (Rolke et al., 
2006). Damage to C fibers leads to neuropathic pain, the type of pain most commonly 
experienced following surgery (Nakao et al., 2012). Further research into the potential 
relationship between presurgical C fiber function and postsurgical pain is warranted. 
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Contrary to what was expected, the light touch detection threshold on the hand 
was negatively correlated with pain outcomes at one month after surgery; hyposensitivity 
to light touch was correlated with worse pain outcomes. Specifically, this measure was 
negatively correlated with current pain (p < 0.05), average pain in the last week (p < 
0.05), worst pain in the last week (p < 0.05), average pain in the last month (p < 0.05), 
and worst pain in the last month (p < 0.05). It is unclear why hyposensitivity to light 
touch would be correlated with worse pain outcomes in this population, and further 
research on the somatosensory profiles of pain patients is needed to examine this 
phenomenon. 
While several statistically significant correlations with pain were found with 
sensory thresholds taken on the thenar eminence of the hand, the same measurements 
taken on the surgical site – the spine – did not yield any significant correlations with pain 
or functional disability. Perhaps this suggests that a neutral, non-surgical site – namely, 
the hand – provides a clearer picture of a patient’s somatosensory profile. On the other 
hand, it is certainly possible that the small sample size of the present study precluded any 
significant findings involving the spinal sensory profile. 
One of the most important findings in the present study is the correlation between 
post-operative pain and functional disability. A relatively large portion (40%) of study 
participants experienced moderate disability at 1 month postsurgery. While this could be 
attributed to the fact that the FDI was administered only one month following a very 
invasive surgery, the finding is interesting nonetheless given that functional limitations 
prior to surgery has previously been found to be a risk factor for following a high pain 
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trajectory following spinal fusion surgery (Sieberg et al., 2013). It would be valuable to 
examine the pain and functional disability trajectories of the patients who had moderately 
high FDI scores at 1 month, in order to determine whether postoperative functional 
disability at this time point predicts prolonged pain and disability. 
Participants’ scores on the FDI at the 1-month postoperative time point were 
significantly correlated with several different pain scores taken at the same time point, 
namely the participants’ current pain, average pain in the last week, and worst pain in the 
last week – the three parameters measuring pain at the patients’ most recent memory. 
This finding is in agreement with previous research conducted by Christine Sieberg, 
Ph.D’s lab, which studied a population of adolescents who had undergone spinal fusion 
surgery and found that school and work absences increased postsurgically (Sieberg et al., 
2013). While Sieberg et al.’s 2013 study did not specifically use the FDI as a measure, 
the number of school and work absences serves an analogous purpose; it provides a 
indication of pain’s interference with patients’ everyday activities. One of the study’s 
conclusions was to emphasize the importance of assessing surgical patients’ functioning 
across all domains of life; the present study’s use of the FDI accomplishes this and 
indicates that higher pain levels may indeed be correlated with higher functional 
disability in the AIS population, emphasizing the burden that pain imposes on patients’ 
daily lives and productivity. 
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Conclusions 
Children and adolescents presenting with pain, functional disability, and 
psychological comorbidities are at risk of maintaining chronic pain through adulthood. A 
2013 study found that 1 in 6 adult patients presenting to a tertiary pain clinic reported 
pain that dated back to childhood or adolescence; these patients experienced pain that 
was predominantly neuropathic in nature and accompanied by decreased functional status 
and poorer mental health status (Hassett et al., 2013). Given the physical, psychological, 
and economic burden of chronic pain, it is vital that the pediatric pain population receives 
the care they need to reduce their symptoms and allow them to live a full life. 
The present study contributes to the small but growing body of knowledge 
surrounding the correlates of pediatric postsurgical pain. The use of QST provides an 
objective, quantifiable measure of patients’ somatosensory profile. This study provides 
preliminary evidence of a correlation between heat sensitivity and poor postsurgical pain 
outcomes in the AIS population. Furthermore, the present study contributes to the 
expansive research base that has shown the detrimental effects of chronic pain, 
highlighting the correlation between pain and functional disability in the AIS population 
following spinal fusion surgery. 
 
Limitations 
 The present study does have some limitations. Given that data collection is 
ongoing, the sample size is small, so the results should be considered preliminary. The 
recruitment strategy was effective, but not many patients in the Spinal Program undergo 
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spinal fusion surgery; the vast majority are treated with a brace, which prevents the curve 
from progressing to a point at which surgery is necessary. A hip cohort has recently been 
added to the IRB-approved protocol in Christine Sieberg, Ph.D’s lab, which will include 
youth and young adults aged 35 and under undergoing hip osteotomy for developmental 
dysplasia of the hip. With the addition of this cohort, the sample size will be able to 
increase to a level that will provide more robust statistics. 
 The generalizability of this study is also limited. Given that scoliosis primarily 
affects Caucasian females, an overwhelming majority of the study sample reflects this 
demographic, so it is not known whether the results are applicable to males or to other 
races. Larger samples sizes and the addition of the hip cohort would ideally address this 
issue. 
 
Future Directions 
 The present study provides a substantial basis on which to continue the study of 
pain in a pediatric surgical population. Increasing the sample size and adding additional 
data points for each subject at 6- and 12-months post-surgery will improve our 
understanding of the development and persistence (or resolution) of postsurgical pain. Dr. 
Sieberg’s protocol does currently include these time points, at which time additional 
psychological and QST data is collected. It is known that acute postsurgical pain is a risk 
factor for developing chronic pain, but it is important to confirm this finding in the AIS 
population by collecting pain data at additional prospective time points. The main 
challenges are to minimize loss to follow-up for currently enrolled subjects, and to recruit 
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new patients under the hip cohort while maintaining steady recruitment of the spinal 
cohort. 
 The Sieberg lab is currently examining an animal model of postsurgical pain, 
using a procedure analogous to QST. One of the most interesting findings thus far has 
been that female mice were consistently more sensitive to pain and had lower sensory 
thresholds. This finding should be further examined in the human population. A 
comparison of pain experiences between the sexes will be facilitated by the recent 
addition of the hip cohort; larger sample sizes will provide an opportunity to compare 
pain and QST data between males and females. 
 Another question that should be further explored is whether post-operative 
depressive symptoms coincide with post-operative pain and/or functional disability. The 
present study included depressive symptoms only at the pre-operative time point, but Dr. 
Sieberg’s protocol includes the CDI:S at four different time points. Future statistical 
analyses should examine the possibility of a temporal relationship between depression 
and pain in the pediatric population. Does an increase in depressive symptoms predict 
worse pain at later time points, or does pain exacerbate existing depressive symptoms? 
This temporal relationship has been studied in adults with conflicting results, but it has 
not yet been examined in children and adolescents. 
 If these avenues for future research are explored, the scientific and medical 
communities can come to a deeper understanding of the biopsychosocial mechanisms that 
contribute to pain development. Continued research into the somatosensory profile of 
chronic pain sufferers is essential, including the physiological interrelationships of C-
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fiber function, heat sensitivity, and neuropathic pain.  If further studies continue to 
demonstrate a relationship between heat sensitivity and pain development, this parameter 
may someday be useful as a tool for pre-operative screening. Likewise, further 
investigation into the relationship between mental health status and pain development is 
crucial, in order to better understand this phenomenon in the pediatric population. 
Ultimately, this breadth of knowledge can be used to identify at-risk surgical patients and 
improve perioperative treatment in order to prevent post-surgical pain and promote the 
best possible outcome for the patient.  
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